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Abstract
In an effort to reduce transmission and number of infections of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2 or COVID-19) virus, governments and official bodies around the world have produced guidelines on the use of face
masks and face coverings. While there is a growing body of recommendations for healthcare professionals and the wider
population to use facial protection in “enclosed spaces” where minimal distancing from other individuals is not possible,
there is a dearth of clear guidelines for individuals undertaking exercise and sporting activity. The present viewpoint aims to
propose recommendations for face coverings while exercising during the COVID-19 pandemic that consider physical
distancing, the environment, the density of active cases associated with the specific sports activity, and the practical use of
face coverings in order to reduce potential viral transmission. Recommendations are provided on the basis of very limited
available evidence in conjunction with the extensive collective clinical experience of the authors and acknowledging the
need to consider the likelihood of the presence of the SARS-CoV-2 in the general population. We recommend that face
coverings should be used in any environment considered to be of a high or moderate transmission risk, where tolerated
and after individual risk assessment. In addition, as national caseloads fluctuate, individual sporting bodies should consider
up to date guidance on the use of face coverings during sport and exercise, alongside other preventative measures.
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Key Points
 There are limited specific data available for the use
of face coverings while exercising in the context of
COVID-19.
 Decisions for the type of face covering used cannot
be made in isolation and require consideration of
additional risk factors including environment and
local case rates.
 Where appropriate, decisions should be guided and
supported by relevant sporting bodies or
organizations.
Introduction
In an effort to reduce transmission and number of infec-
tions of the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) virus, governments and official
bodies around the world have produced guidelines on
the use of face masks (i.e., professionally manufactured
masks, such as the ones used in healthcare) and face
coverings (i.e., any type of fabric or material to cover
one’s face) [1, 2]. In the UK, the Independent Scientific
Advisory Group for Emergencies (SAGE) recently
launched a comprehensive campaign to promote effect-
ive wearing of face coverings in enclosed public indoor
spaces where minimal distancing from others is not pos-
sible [3]. This guidance to use facial protection in
“enclosed spaces” where minimal distancing from other
individuals is not possible is consistent with guidance
from the World Health Organization (WHO) [4]. While
there is a growing body of recommendations for health-
care professionals and the wider population, there is a
dearth of clear guidelines for individuals undertaking
exercise and sporting activity. A recent commentary
hypothesized the risks and benefits of wearing face
coverings while exercising [5], including current public
beliefs that wearing face coverings during exercise will
be accompanied by carbon dioxide (CO2) accumulation
[5]. The present viewpoint aims to propose recommen-
dations for face coverings while exercising during the
COVID-19 pandemic that consider physical distancing,
the environment, the density of active cases associated
with the specific sports activity, and the practical use of
face coverings in order to reduce potential viral
transmission.
Face Covering Rationale
The theoretical basis for the use of masks and other
forms of face covering in the context of the SARS-CoV-
2 pandemic is continuously being developed and
updated. The present consensus is that transmission pri-
marily occurs through the ejection of virus particles
from the respiratory tract of an infected individual which
is then absorbed through the eyes, nose, or mouth of the
exposed person [6]. An increasing body of research also
describes aerosolized transmission which may not only
travel significant distances from the source (up to 6–9 m
[7]) but may also remain suspended in the air for signifi-
cant periods [8], especially in the absence of air turbu-
lence. Droplet size seems a crucial factor, with large
droplets falling through the air more quickly than they
evaporate and landing within 1–2 m range, and small
droplets evaporating more quickly than they fall and
traveling beyond 2m in the air [7]. A systematic review
of case clusters found a majority of them were associated
with indoor settings [9], though many of these clusters
are reported from China during winter, when individuals
were more likely to be indoors. Additional risk factors
that have not been extensively examined are situations
where the spread of droplets is increased due to a higher
ventilation rate [10] and/or the drafting effect of these
droplets in the air, as can occur during certain forms of
exercise (e.g., running or cycling) [11]. A recent system-
atic review and meta-analysis of observational data sug-
gests that the use of face coverings provides protection
against infection for the general population, with an add-
itional benefit afforded by the use of eye protection [12].
The authors concede however that face masks or face
coverings alone cannot provide complete protection
from infection and highlight the need for their use
alongside other preventative practices such as physical
distancing [12]. Varying degrees of protection are seen
across the range of face coverings, from cloth style cov-
erings to filtering face piece level 2 (FFP2) respirators
[13]. While respirator masks have been shown to be
most effective in reducing aerosolized exposure, across
all mask types, the reduced risk appears to be relatively
stable independent of sustained activity or duration of
wear [13].
Drafting and the External Environment
Aerodynamic studies suggest an increased potential
range of droplet transfer from one individual to another
during exertional performance [14] due to increased
ventilation and respiratory volumes with increased exer-
tion. Observational data measuring athlete respiratory
volumes during maximal exertion suggest an optimal
safe distance of 10–20 m when considering droplet
transmission [15]. In their model, safety distance varied
proportionally to exercise intensity, and therefore to the
respiratory flow (e.g., 2 m at rest or 11.6 m when ventila-
tion is 160 L/min) [15]. Direct measurement of droplet
dispersion was not performed in either study [14, 15]
but instead estimated on the basis of variations in re-
spiratory flow [15] and without taking into account air
turbulence during movement outdoors or the impact of
the wind. Therefore, these studies do not sufficiently
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clarify the risk of contamination and spread of the cor-
onavirus during sporting activities in the field, either by
aerosols or by droplets. Despite the importance of high
respiratory rate during exercise on the dispersion of
droplets, there are no reliable data to date to support
recommending safe distances during sporting activities.
This will require the role played by air turbulence but
also the effect of wind on the dispersion of droplets and
aerosols to be clarified, especially during high-speed
sports such as cycling.
The aforementioned models of viral transmission
highlight the impact of various climatic conditions such
as ambient temperature, wind, altitude and ultra-violet
(UV) exposure. High ambient temperatures would be ex-
pected to increase sweat production and therefore
shorten the duration of tolerable single face covering
usage. High levels of humidity are likely to have a signifi-
cant impact on an individual’s ability or willingness to
wear a face covering while exercising and also appear to
have a role in reducing viral transmission [16]. Notably,
the choice of covering will profoundly impact heart rate,
thermal stress, and subjective perception of discomfort
due to the vastly different thermal properties and micro-
climates created within the different masks [17]. An in-
creased retention of water vapor and sweat within the
mask might also affect the facial seal of the mask, fur-
thermore increasing breathing resistance and potentially
increasing the risk of transmission to the wearer via a
wicking mechanism [18].
Current Evidence and Recommendations with a
Focus on Sport and Exercise
There is limited available evidence assessing the impact
of face coverings on sporting performance. Face masks
designed specifically to restrict air flow have been shown
to negatively impact ratings of perceived exertion with-
out a beneficial metabolic response during resistance
training [19, 20]. Both surgical masks and N95/FFP2 res-
pirator masks have been shown in a small (N = 12) study
to limit ventilation, cardiopulmonary exercise capacity,
and comfort in healthy active individuals performing in-
cremental cycling tests until voluntary exhaustion [21].
In contrast, other work shows that the use of surgical
masks during exercise (i.e., 1 h at low-moderate inten-
sity) does not produce significant physiological effects or
impairments in subjective perception [22]. There is no
verified support for any undesirable effects of wearing
masks or other forms of face covering during exercise in
healthy individuals, despite recent non-peer reviewed lay
press reports suggesting that the use of a face mask
during exercise can be health-threatening due to hyper-
capnia (i.e., excessive CO2 re-breathing) and hypoxemia
(i.e., decrease in the partial pressure of oxygen in the
blood) [23, 24]. A recent report has suggested these un-
wanted side-effects are unlikely due to negligible
amounts of CO2 being re-breathed and the lack of a
hypoxic stimulus [25], although empirical evidence is re-
quired to confirm this. There are currently no experi-
mental data on the impact of face coverings and
different mask materials and thicknesses on sports per-
formance in elite athletes.
The following recommendations are provided consid-
ering the potential risks of viral transmission associated
with the activity being undertaken and the impact of
face coverings on exercise performance. We propose
three levels for risk of transmission—high, moderate,
and low. The assignment of sporting activities to these
levels is based on our assessment of three factors that
are known to contribute to overall transmission risk and
are incorporated into our proposed stratification in the
following sequential manner. First, a characteristic iden-
tified as the physical distancing factor, which is the de-
gree to which a sport exposes its participants to a risk of
exposure to the virus. This is a function of the number
of participants, their relative proximity (or potential
proximity during performance) and the duration for
which close proximity occurs. As per the WHO [4], a
close exposure requires proximity for 15 min, used as a
guide to assess this variable. Any activity that prevents
physical distancing is considered to have a high trans-
mission risk. Activity which allows physical distancing
but continues to involve multiple participants in close
proximity is considered to have moderate transmission
risk, based on meta-analysis demonstrating a strong as-
sociation between risk of infection and proximity to
source [12]. Second, any environmental characteristic
that contributes significantly to transmission risk was
identified. In particular, being outdoors significantly re-
duces the risk of transmission [26], such that for any
physical distancing characteristics, transmission risk is
downgraded one level if the sport is performed outdoors
(e.g., from high to moderate). The remainder of the
above discussed environmental factors such as ambient
temperature should be applied to individual decisions
due to the likely impact on tolerability of wear, percep-
tion of discomfort, and efficacy of covering used. Third,
an incidence characteristic, which refers to the density
of new cases within a community, was applied. Where
the assessment of case incidence can be guaranteed as a
result of trustworthy comprehensive testing and
screening, the risk of exposure to an active case and
thus overall transmission is greatly reduced. As such,
we apply a reduction in transmission risk by one level
in these cases. In this regard, the degree to which a
sports organization, government or local legislative
body can provide data on active cases, or act to
screen and test participants regularly to identify active
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cases, will contribute to reduced risk of exposure and
disease spread.
Various examples of such incidence-based risk assess-
ments exist [27–29]. Table 1, adapted from the risk miti-
gation procedures used by the World Rowing Federation
[28], identifies a threshold of 50 cases per 100,000 popu-
lation in the last seven days as indicative of high risk. Re-
cent (7 days) cases between 20 and 50 per 100,000
constitute medium risk, while fewer than 20 cases per
100,000 indicate low risk of exposure. Individual sports
may consider their own thresholds for identification of
exposure risk, at the direction of government and public
health organizations, in order to apply a risk reduction
factor if desired.
However, the incidence characteristic should be ap-
plied with caution, since these statistics may not always
be accurately available, and nor may nationwide data
apply to smaller regions where small outbreaks are oc-
curring, or where no cases may exist. Furthermore, false
negative results, the lag period between exposure to the
virus and symptom appearance, and the relatively high
proportion of asymptomatic cases, may underestimate
the number of active cases when testing and screening
are relied upon to perform this “filter” role. Therefore, in
the absence of reliable and timely data, it may be pru-
dent that individuals/teams/organizations assume a high
risk of significant local transmission rates and therefore
high risk of exposure.
In summary, the process followed to assign activities
to risk levels is to firstly identify the physical distancing
characteristic and then to perform a subjective assess-
ment of participant proximity and duration. For outdoor
activities, the risk level is reduced one level, and a sec-
ond potential reduction in risk is available if a sport or
regional legislator can defend a low incidence of active
cases. In the absence of either outdoor participation, or
an incidence characteristic that allows a reduction, the
risk level is determined by the physical distancing
characteristic and is either high for activities that prevent
physical distancing, or moderate for sports that enable
physical distancing. A flow chart of the process is sum-
marized in Fig. 1.
High Risk of Transmission
Indoor and group activities particularly where the nature
of the activities does not allow adequate physical distan-
cing, resulting in direct, face-to-face contact and/or pro-
longed exposure to other participants (e.g., basketball,
rugby, football, volleyball, indoor gyms, team sport train-
ing sessions). Wearing a highly protective face covering
(e.g., medical mask or N95) is recommended due to
stronger association with protection from infection than
single layered masks [12]. In sports where direct contact
is an intended part of the game, such as rugby, adher-
ence to this is unlikely to be practical. In such settings,
decisions regarding face coverings should be taken in
the context of additional measures to reduce risk.
Moderate Risk of Transmission
Indoor activities with ≤ 2 individuals where appropriate
distancing measures are possible (e.g., racquet sports) or
outdoor activities where the nature of the activities
limits the degree to which adequate physical distancing
can occur and/or where drafting may occur (e.g., base-
ball, track events, peloton cycling, rugby, football, run-
ning in a crowded place). Wearing a minimum of a
medium-thickness face covering (e.g., double layer cloth
mask) is recommended [12, 30, 31].
Low Risk of Transmission
Individual outdoor activities or group outdoor activities
which allow for appropriate physical distancing measures
and no possibility of drafting (e.g., individual running,
singles tennis, golf). If physical distancing is possible
throughout the entire period of exercise, sports without
face covering is possible. When this is not feasible,






Sport activity Weight room Ergometer exercise
High More than 50 cases per
100,000 in 7 days
1.5 Alone Closed Alone
Medium Fewer than 50 cases per
100,000 in 7 days
1.5 Groups with safety avoiding
drafting during exercise
Maximum capacity






Low Fewer than 20 cases per
100,000 in 7 days
1.5 Groups with safety Maximum capacity
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wearing low-thickness face covering (e.g., single layer
cloth face covering) is recommended [32].
Additionally, in those cases where a low prevalence is
guaranteed and at the discretion of the sporting body or
government tasked with regulation of the activity, the
activity is further downgraded in risk, as shown in Fig. 1.
Where there is convincing evidence of complete local
suppression, i.e., no community transmission, a case-by-
case assessment can be made for reverting to routine
conditions without the use of face coverings.
Unknown Risk of Transmission
In the context of the global transmission, viral genetic
drift and regular genome sequencing the discovery of
new variants of SARS-CoV-2 is inevitable. In the pres-
ence of limited available data, it may not be possible to
draw conclusions about possible increased transmissibil-
ity, and caution should therefore be exercised with re-
gard to risk assessment. If there is evidence or suspicion
of local presence of variants with increased transmission
such as the UK Variant Under Investigation (VUI-
202012/01) [33], the situation should be treated as high
risk until further evidence is available.
Individual Exceptions
Face coverings are not well tolerated by all individuals
especially those with pre-existing respiratory conditions
that may prohibit prolonged usage. There is limited
available evidence of the tolerability of face coverings by
individuals with such conditions. Individuals with
chronic obstructive pulmonary disease (COPD) and high
dyspnea scale scores are less likely to tolerate the N95
mask. In these individuals with significant disease
burden, a variety of respiratory parameters can be nega-
tively impacted by N95 mask use [34]. Individuals with
underlying respiratory conditions should undergo a
physician-lead risk assessment, provided by the respon-
sible organization in the professional and semi-
professional setting, or with a relevant medical practi-
tioner in the recreational setting. Furthermore, specific
populations with disabilities may not be able to wear any
form of face covering. Individuals suffering from severe
anxiety, claustrophobia, or post-traumatic stress disorder
may also feel unable to stay calm or function while
wearing a face covering. Similarly, individuals with aut-
ism are extremely sensitive to touch and texture [35],
which might cause sensory overload, panic, and/or anx-
iety. Notably, the team/organization should be respon-
sible for performing this assessment where possible and
should promote other alternative methods of transmis-
sion reduction for individuals with disabilities such as
the use of full-face shields or scarfs instead of face
masks, adequate physical distancing, and good hand hy-
giene. This would avoid undesirable situations such as
the recent report revealing how a man with chronic
asthma and serious breathing issues was forced to wear
a face covering during a 1-h airplane journey [36]. The
aforementioned recommendations and risk stratification
levels should be adapted to the individual’s own risk pro-
file and circumstances. These alternative methods imply
changing policies, practices, and procedures, if needed,
to accommodate individuals with a disability who are
unable to wear a variety or all forms of face covering. Fi-
nally, an exception may be necessary for individuals in
contact and combat sports that involve direct physical
contact, which makes the wearing of masks impractical
and significantly less effective.
Fig. 1 A flow chart of the risk assignment process of activities
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The mandatory use of face covering includes individ-
uals of different age ranges depending on national rules.
In the UK for example, children under the age of 11
years are not required to wear face coverings [37], while
the government of Spain declared the use of face cover-
ing as mandatory from the age of 6 years and also rec-
ommended their use in children between the ages of 3
and 5 years [38]. Other organizations have taken a more
flexible and situation dependent position, encouraging
the use of face coverings in all children over the age of
2 years when in public. They further recommend that
this should only be done if it can be done in compliance
with Centers for Disease Control and Prevention (CDC)
guidance [39] avoiding frequently touching or removing
the face covering [40].
Face Covering Utility and Disposal
There is a lack of conclusive evidence on the optimum
duration of single face covering usage. Decisions on
when to discard or change a face covering should con-
sider personal comfort, transmission risk of current en-
vironment, and accessibility to clean face coverings.
Evidence does show a risk of contamination of the out-
side of masks with respiratory pathogens [41]. The em-
phasis must be on safe disposal of single use face
coverings or storage and cleaning of reusable coverings.
Where an individual is participating in sporting activ-
ity under the umbrella of a team or club, the
organization should provide safe disposal facilities for
used face coverings. Clinical waste bins should be stra-
tegically placed at likely points of mask removal such as
changing room exits, mirroring transition points from
high to low-risk areas in hospitals. Organizations should
also provide appropriate training to their members re-
garding safe removal and disposal of face masks. While
these interventions inevitably entail a financial burden, it
is anticipated that this is less than the cost of temporar-
ily shutting down operations in the event of a localized
outbreak.
Recreationally active individuals should dispose of
their face masks in a sealed container or bag. Based on
viral surface survival studies, the contained masks can
then be disposed of in normal household waste after 4–
7 days [42], although some have branded this approach
as excessively cautious [43]. Where reusable face cover-
ings are utilized, these should be washed after each use
following appropriate washing recommendations (e.g.,
CDC recommendations [44]).
General Recommendations
Guidance from all relevant authorities such as consider-
ing the mode of transport to training and using a face
covering if traveling via public transport should be
followed. Face covering should be used in enclosed
spaces associated with sporting activities. Examples in-
clude group changing rooms or in a tunnel with two
teams prior to outdoor performance. It is reasonable to
remove face coverings to eat and drink and as far as is
possible, such consumption should be done in outdoor
spaces.
Conclusion
The above recommendations are provided based on the
limited available evidence in conjunction with the exten-
sive collective clinical experience of the authors and ac-
knowledging the need to consider the likelihood of the
presence of the SARS-CoV-2 in the general population.
As national caseloads fluctuate, individual sporting bod-
ies should consider up to date guidance on the use of
face coverings during sport and exercise, alongside other
preventative measures. In summary, face coverings
should be used in any environment considered to be of a
high or moderate transmission risk, if tolerated and after
individual risk assessment.
Abbreviations
SAGE: Independent Scientific Advisory Group for Emergencies; WHO: World
Health Organization; CO2: Carbon dioxide; UV: Ultraviolet; COPD: Chronic





The first draft of the manuscript was written by Jonathan Shurlock, Borja
Muniz-Pardos, Ross Tucker, Fergus M Guppy, and Yannis Pitsiladis. All authors
commented on subsequent versions of the manuscript until all authors were
able to approve the final manuscript.
Funding
The writing of this manuscript was not funded.
Availability of Data and Materials
Not applicable.
Declarations
Ethics Approval and Consent to Participate
No ethics approval was required for this manuscript.
Consent for Publication
The authors provide consent for publication.
Competing Interests
The authors, Jonathan Shurlock, Borja Muniz-Pardos, Ross Tucker, Norbert
Bachl, Theodora Papadopoulou, Graham Holloway, Nigel Jones, Xavier Bigard,
Karin Vonbank, David Niederseer, Joachim Meyer, Dennis Nowak, Andre Deb-
ruyne, Petra Zupet, Herbert Löllgen, Juergen Steinacker, Bernd Wolfarth,
James Bilzon, Anca Ionescu, Michiko Dohi, Jeroen Swart, Demitri Constanti-
nou, Victoriya Badtieva, Irina Zelenkova, Maurizio Casasco, Michael Geistlinger,
Chiara Fossati, Federica Fagnani, Luigi Di Luigi, Nick Webborn, Konstantinos
Angeloudis, Fergus Guppy, Patrick Singleton, Mike Miller, Fabio Pigozzi, and
Yannis Pitsiladis, declare that they have no conflicts of interest relevant to
the content of this article.
Author details
1Somerset NHS Foundation Trust, Taunton, UK. 2GENUD (Growth, Exercise,
Nutrition and Development) research group, University of Zaragoza,
Shurlock et al. Sports Medicine - Open            (2021) 7:19 Page 6 of 8
Zaragoza, Spain. 3World Rugby, Dublin, Ireland. 4European Federation of
Sports Medicine Associations (EFSMA), Lausanne, Switzerland. 5International
Federation of Sports Medicine (FIMS), Lausanne, Switzerland. 6Institute of
Sports Science, University of Vienna, Vienna, Austria. 7Austrian Institute of
Sports Medicine, Vienna, Austria. 8British Association Sport and Exercise
Medicine, Doncaster, UK. 9Defence Medical Rehabilitation Centre (DMRC),
Loughborough, UK. 10British Cycling and University of Liverpool, Liverpool,
UK. 11Union Cycliste Internationale (UCI), Aigle, Switzerland. 12Department of
Pneumology, Pulmonary Function Laboratory, Medicine Clinic (KIMII),
University of Vienna, Vienna, Austria. 13Department of Cardiology, University
Hospital Zurich, University Heart Centre, University of Zurich, Zurich,
Switzerland. 14German Respiratory Society (DGP), Berlin, Germany. 15Lung
Center Bogenhausen-Harlaching, Munich Clinic, Munich, Germany. 16LMU
Klinikum, Institute and Clinic for Occupational, Social and Environmental
Medicine, Comprehensive Pneumology Center, member DZL, German Center
for Lung Research, Munich, Germany. 17Division of Sports and Rehabilitation
Medicine, Ulm University Hospital, Ulm, Germany. 18Department of Sports
Medicine, Humboldt University and Charité University School of Medicine,
Berlin, Germany. 19Department for Health, University of Bath, Bath, UK.
20Sport Medical Center, Japan Institute of Sports Sciences, Tokyo, Japan.
21UCT Research Unit for Exercise Science and Sports Medicine, Cape Town,
South Africa. 22Centre for Exercise Science and Sports Medicine, University of
the Witwatersrand, Johannesburg, South Africa. 23I.M. Sechenov First Moscow
State Medical University (Sechenov University), Ministry of Health of Russia,
Moscow, Russian Federation. 24Moscow Research and Practical Centre for
Medical Rehabilitation, Restorative and Sports Medicine, Moscow Healthcare
Department, Moscow, Russian Federation. 25Italian Federation of Sports
Medicine (FMSI), Rome, Italy. 26Unit International Law, Department of
Constitutional, International and European Law, University of Salzburg,
Salzburg, Austria. 27University of Rome “Foro Italico”, Rome, Italy. 28Villa Stuart
Sport Clinic, FIFA Medical Center of Excellence, Rome, Italy. 29School of Sport
and Service Management, University of Brighton, Eastbourne, UK. 30Centre
for Exercise Sciences and Sports Medicine, FIMS Collaborating Centre of
Sports Medicine, Rome, Italy. 31Centre for Stress and Age-related Disease,
University of Brighton, Brighton, UK. 32World Olympians Association,
Lausanne, Switzerland.
Received: 20 October 2020 Accepted: 28 February 2021
References
1. Greenhalgh T, Schmid MB, Czypionka T, Bassler D, Gruer L. Face masks for
the public during the COVID-19 crisis. BMJ. 2020;369:m1435.
2. Chan TK. Universal masking for COVID-19: Evidence, ethics and
recommendations. BMJ Glob Heal. 2020;5:2819.
3. Policy for England on face coverings to reduce transmission of SARS-CoV-2
An Independent SAGE Report following public consultation on 14th July
2020 The Independent SAGE Report 8 [Internet]. Available from: www.
independentSAGE.org. Accessed 26 Dec 2020.
4. World Health Organisation. Advice on the use of masks in the context of
COVID-19: interim guidance, 5 June 2020 [Internet]. Geneva PP - Geneva:
World Health Organization; Available from: https://apps.who.int/iris/handle/1
0665/332293. Accessed 26 Dec 2020.
5. Should people wear a face mask during exercise: What should clinicians
advise? | BJSM blog - social media’s leading SEM voice [Internet]. [cited
2020 Jul 30]. Available from: https://blogs.bmj.com/bjsm/2020/06/12/
should-people-wear-a-face-mask-during-exercise-what-should-clinicians-a
dvise/
6. Hui KPY, Cheung MC, Perera RAPM, et al. Tropism, replication competence,
and innate immune responses of the coronavirus SARS-CoV-2 in human
respiratory tract and conjunctiva: an analysis in ex-vivo and in-vitro cultures.
Lancet Respir Med. 2020;8:687–95. https://doi.org/10.1016/S2213-2600(20)3
0193-4 pmid:3238657.
7. Jones NR, Qureshi ZU, Temple RJ, Larwood JPJ, Greenhalgh T, Bourouiba L.
Two metres or one: what is the evidence for physical distancing in COVID-
19? BMJ. 2020;370:3223.
8. Morawska L, Cao J. Airborne transmission of SARS-CoV-2: the world should
face the reality. Environ Int. 2020;139:105730.
9. Leclerc QJ, Fuller NM, Knight LE, Funk S, Knight GM. What settings have been
linked to SARS-CoV-2 transmission clusters? Wellcome Open Res. 2020;5:83.
10. Jang S, Han SH, Rhee J-Y. Cluster of coronavirus disease associated with
fitness dance classes, South Korea. Emerg Infect Dis. 2020;26(8):1917–20.
11. Arias FJ. Are runners more prone to become infected with COVID-19? An
approach from the Raindrop Collisional Model. J Sci Sport Exerc. 2020.
Online ahead of print. https://doi.org/10.1007/s42978-020-00071-4.
12. Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schünemann HJ, et al. Physical
distancing, face masks, and eye protection to prevent person-to-person
transmission of SARS-CoV-2 and COVID-19: a systematic review and meta-
analysis. Lancet. 2020;395(10242):1973–87.
13. van der Sande M, Teunis P, Sabel R. Professional and home-made face
masks reduce exposure to respiratory infections among the general
population. PLoS One. 2008;3(7):e2618.
14. Blocken B, Malizia F, van Druenen T, Marchal T. Towards aerodynamically
equivalent COVID19 1.5 m social distancing for walking and running.
Preprint. 2020. Available from: http://www.urbanphysics.net/Social%20Dista
ncing%20v20_White_Paper.pdf. Accessed 26 Dec 2020.
15. Córdova A, Latasa I. Respiratory flows as a method for safely preventing the
coronavirus transmission (COVID-19). Apunt Sport Med. 2020;55:81–5.
16. Yuan S, Jiang SC, Li ZL. Do humidity and temperature impact the spread of
the novel coronavirus? Front Public Heal. 2020;8:240.
17. Li Y, Tokura H, Guo YP, Wong ASW, Wong T, Chung J, et al. Effects of
wearing N95 and surgical facemasks on heart rate, thermal stress and
subjective sensations. Int Arch Occup Environ Health. 2005;78:501–9.
18. Roberge RJ, Kim J-H, Coca A. Protective facemask impact on human
thermoregulation: an overview. Ann Occup Hyg. 2012;56:102–12.
19. Motoyama Y, Joel G, Pereira P, Esteves G, Azevedo P. Airflow-restricting
mask reduces acute performance in resistance exercise. Sports. 2016;4:46.
20. Andre TL, Gann JJ, Hwang PS, Ziperman E, Magnussen MJ, Willoughby DS.
Restrictive breathing mask reduces repetitions to failure during a session of
lower-body resistance exercise. J Strength Cond Res.
2018;32:2103–8.
21. Fikenzer S, Uhe T, Lavall D, Rudolph U, Falz R, Busse M, et al. Effects of
surgical and FFP2/N95 face masks on cardiopulmonary exercise capacity.
Clin Res Cardiol. 2020;109(12):1522–30. https://doi.org/10.1007/s00392-020-
01704-y. Epub 2020 Jul 6.
22. Roberge RJ, Kim JH, Benson SM. Absence of consequential changes in
physiological, thermal and subjective responses from wearing a surgical
mask. Respir Physiol Neurobiol. 2012;181:29–35.
23. Killer COVID-19 Masks? The truth about trapped carbon dioxide | Hartford
HealthCare [Internet]. [cited 2020 Jul 31]. Available from: https://hartfordhea
lthcare.org/about-us/news-press/news-detail?articleid = 26712&publicId =
395
24. Why it could be dangerous to exercise with a face mask on [Internet]. [cited
2020 Jul 31]. Available from: https://theconversation.com/why-it-could-be-
dangerous-to-exercise-with-a-face-mask-on-140277
25. Fact check: wearing face mask will not cause hypoxia or hypercapnia
[Internet]. [cited 2020 Jul 31]. Available from: https://eu.usatoday.com/story/
news/factcheck/2020/05/30/fact-check-wearing-face-mask-not-cause-
hypoxia-hypercapnia/5260106002/
26. Qian H, Miao T, LIU L, Zheng X, Luo D, Li Y. Indoor transmission of SARS-
CoV-2. medRxiv. 2020; 2020.04.04.20053058.
27. Finnoff J. Sports event planning considerations post-COVID-19. United
States Olympic & Paralympic Committee. United States Olympic &
Paralympic Committee. April 28, 2020 - v0.12. https://www.teamusa.org/
coronavirus. Accessed 26 Dec 2020.
28. Steinacker J, Hannafin J, Hiura H, Wilkinson M, Koubaa D, Poli P, et al. World
Rowing [Internet]. COVID-19 pandemic: advice for post-peak and post-
pandemic periods. 2020 [cited 2020 Sep 9]. Available from: http://www.
worldrowing.com/fisa/publications/medical-publications
29. Workplace Safety and Reopening Standards for Businesses and Other
Entities Providing Youth and Adult Amateur Sports Activities - Phase III, Step
1. Massachusetts Executive Office of Energy and Environmental Affairs
[Internet]. [cited 2021 Feb 21]. Available from: https://www.mass.gov/doc/sa
fety-standards-for-youth-and-adult-amateur-sports-activities-phase-iii-step-i-
effective/download
30. Fischer E, Fischer M, Grass D, et al. Low-cost measurement of face mask
efficacy for filtering expelled droplets during speech. Sci Adv. 2020;6(36):
eabd3083. https://doi.org/10.1126/sciadv.abd3083. Print 2020 Sept.
31. Asadi S, Cappa CD, Barreda S, et al. Efficacy of masks and face coverings in
controlling outward aerosol particle emission from expiratory activities. Sci
Rep. 2020;10:15665. https://doi.org/10.1038/s41598-020-72798-7.
Shurlock et al. Sports Medicine - Open            (2021) 7:19 Page 7 of 8
32. Konda A, Prakash A, Moss G, et al. Aerosol filtration efficiency of common
fabrics used in respiratory cloth masks. ACS Nano. 2020;14(5):6339–47.
https://doi.org/10.1021/acsnano.0c03252.
33. New and Emerging Respiratory Virus Threats Advisory Group. NERVTAG
meeting on SARS-CoV-2 variant under investigation VUI-202012/01. 18 Dec




34. Kyung SY, Kim Y, Hwang H, Park JW, Jeong SH. Risks of N95 face mask use
in subjects with COPD. Respir Care. 2020;65:658–64.
35. Des Roches Rosa S. The Washington Post - Some autistic people can’t
tolerate cloth face coverings. Here’s how we’re managing with our son
[Internet]. [cited 2020 Aug 6]. Available from: https://www.washingtonpost.
com/lifestyle/2020/05/11/some-autistic-people-cant-tolerate-face-masks-
heres-how-were-managing-with-our-son/
36. Coronavirus: Man with chronic asthma “forced” to wear mask on plane -
BBC News [Internet]. [cited 2020 Sep 9]. Available from: https://www.bbc.
com/news/health-54075771
37. Face masks: Rules on wearing face coverings in the UK - CBBC Newsround
[Internet]. [cited 2020 Aug 6]. Available from: https://www.bbc.co.uk/
newsround/53322822
38. BOE.es - Documento consolidado BOE-A-2020-5142 [Internet]. [cited 2020
Aug 6]. Available from: https://www.boe.es/buscar/act.php?id=BOE-A-2020-
5142
39. How to Wear Masks | CDC [Internet]. [cited 2020 Aug 6]. Available from:
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/how-to-
wear-cloth-face-coverings.html
40. Face Covering Requirements and Recommendations under Executive Order
20-81 - Minnesota Dept. of Health [Internet]. [cited 2020 Aug 6]. Available
from: https://www.health.state.mn.us/diseases/coronavirus/facecover.html
41. Chughtai AA, Stelzer-Braid S, Rawlinson W, Pontivivo G, Wang Q, Pan Y,
et al. Contamination by respiratory viruses on outer surface of medical
masks used by hospital healthcare workers. BMC Infect Dis. 2019;19:491.
42. Van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A,
Williamson BN, et al. Aerosol and surface stability of SARS-CoV-2 as
compared with SARS-CoV-1. N Engl J Med. 2020;382(16):1564–7.
43. Goldman E. Exaggerated risk of transmission of COVID-19 by fomites. Lancet
Infect Dis. 2020;20(8):892–3.




Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Shurlock et al. Sports Medicine - Open            (2021) 7:19 Page 8 of 8
